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In this study, the remote sensing and Geographic Information System (GIS) techniques coupled with the Digital 
Shoreline Analysis System (DSAS) is applied to detect the historical shoreline changes as well as to predict the future 
shoreline position along Almanarre beach which is being threatened by severe erosion. The results show that Almanarre 
beach suffered erosion with an average annual change rate of about -0.24 m/year over the period of 1973-2015. The most 
severe erosion was observed near Landmark B17 with the maximum erosion rate of -0.86 m/year. Moreover, the shoreline 
change in 2020 and 2050 are predicted at approximately -0.05 m/year and -0.22 m/year, respectively. The areas around 
Landmarks B06-08 and Landmarks B16-18 will be eroded with the maximum recession rates of -0.89 m/year and -0.94 
m/year, respectively. This research proves that the combination of geospatial techniques and numerical model can be a 
reliable approach for investigating the shoreline change trend. 
[Keywords: Accretion; DSAS; Erosion; Remote sensing; Shoreline extraction] 
Introduction 
The shoreline change is mostly controlled by natural 
causes or anthropogenic intervention, or both of them. 
The primary natural factors include waves, winds, 
currents, storm surge, sea level rise, and 
geomorphologic changes resulting from man-made 
factors through coastal construction, mining of beach 
sand, dredging of seabed sand, dam construction, or 
deforestation. The shoreline change results from 
coastal erosion or accretion which greatly affects 
human life along the coastal zone. Correspondingly, 
the detection and prediction of shoreline change is an 
essential task for protection of infrastructure and 
coastal zone management
1
. 
Until now, researchers have developed some 
approaches to investigate shoreline changes which can 
be divided into five categories. Firstly, historical map 
charts can reveal a historic information that is 
unavailable from other data sources, but many potential 
errors associated with these historical coastal records 
occur. Secondly, conventional field surveying can 
achieve high accuracy of measurement, but is labour 
intensive, time consuming and involves high cost
1
. 
Thirdly, aerial photographs can provide sufficient 
pictorial information. However, the frequency of data 
acquisition is not enough, temporal coverage is limited 
by depending on the flight path of the fixed-wing 
airplane; the photogrammetric procedure is costly and 
time consuming. Additionally, errors in shoreline 
interpretation may be introduced by the minimal 
spectral range of these sources
2
. At present, with rapid 
development of computational technology, the 
numerical models have become increasingly popular 
and have been successfully used to detect and predict 
the past and future shoreline evolution. They can be 
validated easily by measuring and observing the actual 
behaviour of the natural systems under the impacts of 
the wave climate, mean sea level, coastal defence 
works, etc. For instance, the project effects on the tidal 
current, tidal volume, sediment concentration and 
morphological evolution in Xiaomiaohong tidal 
channel, Jiangsu Coast, China were investigated by a 
two-dimensional numerical model and the result 
demonstrated that the change of morph-dynamic 
processes due to the reclamation project has only 
occurred near the project area and overall channel 
evolution was not significantly affected by this 
project
3
. Furthermore, Zheng et al.
4 
developed a new 
model including interactions between waves and 
undertow and an empirical time-dependent turbulent 
eddy viscosity formulation that accounts for the phase 
dependency of turbulence on flow velocity and 
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acceleration. Gu et al.
5
 introduced the Near CoM 
model coupling a Simulating Waves Nearshore model 
(SWAN), a nearshore circulation model 
(SHORECIRC), and a sediment transport model in a 
fully parallelized computational environment. The 
simulation results indicated that two factors contribute 
to the final double-sandbar morphology in different 
ways. Waves determine the final sandbar morphology, 
regardless of the antecedent bathymetry for energetic 
waves with high angles of wave incidence, whereas the 
pronounced morphological variability (crescentic 
pattern of sandbars) will control the evolution, which 
remarkably enhances the existing morphological 
patterns regardless of the changed wave condition for 
moderate waves with small angles of wave incidence. 
Nevertheless, using numerical models can be difficult 
for the establishment of boundary conditions, 
calibration coefficients and parameters regarding 
variables representing the reality of the system, that 
may generate the fail results
6
. In addition, the 
numerical modelling calculations are more time 
consuming than analytical and statistical calculations as 
well as the area of study domain are limited by the 
capacity of computer. Over the recent decades, remote 
sensing techniques are widely used and are more 
attractive as they have large ground coverage, are less 
time-consuming, inexpensive to implement, and also 
satisfactory acquisition repetition. Therefore, this 
technology becomes an effective solution for 
monitoring shoreline changes
7
. 
 
The shoreline of Almanarre beach lying on the 
western part of Giens tombolo, South France  
(Fig. 1(a)) has suffered both accretion and erosion 
processes caused by natural factors such as waves, 
winds and storm surge, or by human activities. By 
studying the submarine sediment logy, Blanc
8
 showed 
that the waves caused the rapid degradation of the 
sandy spit in the western branch. Moreover, he 
uncovered the erosion at the sea bottom and the 
regression of Posidonia seagrass in the Giens gulf. 
Grissac
9 
presented the research about dynamic 
sedimentology of Giens and Hyères bay. Through the 
in situ granulometric experiments as well as the 
analysis of wind and wave fields, he showed that there 
are two main longshore currents in the Gulf of Giens. 
The northern currents direct from west to east and from 
north to south, whilst the southern currents direct from 
south to north, then they follow the sandy spit to reach 
its centre. In addition, from the visual comparison of 
aerial photographs between 1955 and 1972, he also 
highlighted the significant decline of the western 
branch (down from 50 to 80 m in the center and 75-90 
m in the south part) associated mainly with the 
degradation of Posidonia seagrass. Courtaud
10 
used the 
aerial photographs and some field surveys to study the 
shoreline evolution of Giens tombolo. The study results 
showed that the zone from Landmark B01 to B23 (the 
northern part of Almanarre beach) was eroded with an 
average retreat of -6.4 m/ml corresponding to an 
erosion area of -13,900 m
2
 during the period from 1950 
to 1998, whilst the zone from Landmark B23 to B46 
was accreted with an average advance of +19.8 m/ml 
corresponding to an accretion area of +41,100 m
2
. In 
addition, Than
11 
applied digital imagery processing 
techniques to find the average erosion annual rate of  
(-0.01 to -0.63) ± (0.27 to 1.82) m/year in the northern 
shoreline and the average accretion annual rate of (0.02 
to 2.01) ± (0.14 to 5.1) m/year in the central and 
southern parts of the Almanarre beach over the period 
from 1920 to 2012. 
In this research, the methodology of remote sensing 
and GIS technology along with DSAS was used to 
attain the main objectives: (1) quantify shoreline 
changes as well as accretion and erosion in Almanarre 
beach over the period from 1973 to 2015; (2) determine 
the main factor influencing the shoreline evolution of 
this area; and (3) predict the movement trends of 
shoreline in the future. 
 
Materials and Methods 
 
Study Area 
The shoreline of Almanarre beach extends from 
north to south with the length of approximately 4.5 km 
through the Salt Road. According to the measurement 
data, the presence of deep cross-shore troughs and 
submerged shoals causes the complex bathymetry in 
the study area
10
. An average slope in the direction 
perpendicular to the shore is estimated from 1-1.5 % 
over the entire beach.  
In the study area, the west and southwest winds play 
a decisive role in the coastal geomorphology and the 
wave agitation in Giens gulf. According to the wind 
data recorded at Hyères station (Fig. 1(a)), they blow 
with the total frequency of 25.66 % during the 
observation time. The winds coming from the west 
sector has the highest velocity 21.47 m/s with lower 
frequency, whereas the southwest winds maintain the 
highest frequency of 13.56 % with an average speed of 
5.48 m/s. In addition to winds, waves have strong 
impact on the shoreline evolution of Almanarre beach. 
The west and southwest waves always attack the west 
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coast of Giens tombolo with frequencies of 36.92 % 
and 28.84 %, respectively. The southwest waves 
generally have low energy with heights from 0.5 to 
1.25 m and periods of less than 6 seconds occupying 
about 77 % of cases, whilst the waves coming from 
the west sector have medium energy with heights 
from 0.5 to 2.5 m occupying about 75 % of observed 
cases. Due to the largest tidal variation of less than 
0.3 m, waves are the main factor acting on the 
hydrodynamic and sediment transport processes in the 
study area
12
. 
 
The oblique waves striking the coast of Giens 
tombolo generate the long shore current drift which 
redistributes sediment. The average current speed of 
long shore current varies from 3 to 7 cm/s in normal 
sea conditions and from 15 to 25 cm/s in stormy 
conditions at 4 m isobaths in the north zone of 
Almanarre beach. The dominant directions of long 
shore current on an average are from South to East 
and West to South, then they meet and mix together to 
generate cross-shore flow seaward at central zone of 
Almanarre beach
13
. Although some small streams 
flow in to the Giens Gulfs, between the points of 
Carqueiranne and Almanarre, the volume of sediment 
transported from them is not significant. 
The principal sediment transport in the Giens Gulf 
starts from Almanarre in the north to Madrague of 
Giens in the south. Sediments are finer and finer with 
a decrease in the percentage of pebbles (from 55 % to  
1 %) and well sorted (1.2 to 0.8 ) southbound. 
However, the sector between Landmark B08 and B23 
has a coarse grain size of 0.6 mm to 0.8 mm and a 
quasi-permanent and homogeneous sorting index due 
to the beach nourishment
10
. 
From the different characteristics of the 
geomorphology and the limitations of landmarks, the 
study area is separated by three main zones, namely, 
North zone, Central zone, and South zone (Fig. 1 (b)). 
The North zone of 1.5 km length is located between 
Landmark B01 and Landmark B14. The Central zone, 
1.35 km long, starts from Landmark B15 up to 
Landmark B28 whereas the South zone with the 
length of 1.525 km spreads from Landmark B29 to 
Landmark B42. 
 
Data Source 
A series of satellite images such as Landsat 1 MSS, 
Landsat 4 TM, Landsat 7 ETM, and Landsat 8 OLI 
were acquired at non-equidistant intervals between 
1973 and 2015. All the images have been collected 
almost at the same time in summer with good quality 
in order to exclude the effects of storm surge and 
waves. The details with respect to satellite images are 
listed in Table 1. However, the raw satellite images 
must be pre-processed by image enhancement 
(radiometric calibration, atmospheric correction, gap 
filling, pan-sharpening) and geometric rectification 
steps before being used as map base; because many 
defects, like radiometric distortion, wedge-shaped 
 
Fig. 1 — The study area 
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gaps, geometric distortion, presence of noise, etc., due 
to variations in the altitude, attitude, and velocity of 
the sensor platform usually occur in these images
14
.  
 
Analysis Methods 
In order to extract shoreline from satellite images, 
several methods have been generated and developed. 
Firstly, a single band method can be used to map and 
extract shoreline from optical imagery. This method 
has some advantages, viz. the reflectance of water is 
almost equal to zero in reflective infrared bands, and 
the reflectance of absolute majority of land covers is 
greater than the water’s2. However, the main 
disadvantage of this method is how to define the 
appropriate threshold value. Alesheikh et al.
2
 proposed 
a new procedure for shoreline detection using a 
combination of band ratio and histogram thresholding 
techniques. Nonetheless, the shoreline moves toward 
water in some of the coastal zones and the procedure of 
extracting shoreline is quite time consuming. Another 
approach of extraction is by automation of shoreline 
detection which can be easily to apply and execute
15
. 
The main purpose of edge detection is to reduce the 
quantity of data and remove the irrelevant information 
in an image, but retain its structural properties. In this 
research, the shoreline position was mapped and 
extracted by using a nonlinear edge-enhancement 
technique with the Canny edge detector. The Canny 
edge detection is the most common edge detection 
method that performs well optimizing detection 
localization and number of responses criteria
16
. Due to 
the edge of the image corresponding to the 
discontinuity of the image grey value, the Canny 
algorithm is used to determine the pixels in the land-
water boundary if their grey values have relatively 
large changes
17
. This technique gives an outstanding 
delimitation of the land-water boundary, and is time 
saving. The best colour composites of RGB (Red 
Green Blue) 567 (for Landsat MSS images), 543 (for 
Landsat TM and ETM+ images), and 652 (for Landsat 
OLI images) were be utilized for extracting the 
shorelines. These colour composites are improved to 
distinguish the objects clearly, such as between soil, 
vegetated land, and water, and hence they are easily 
digitized. The extracted shorelines were imported in 
DSAS module running in ArcGIS environment. 
Although many methods were available in the 
DSAS, the most commonly used, LRR (Linear 
Regression Rate-of-change) statistic and EPR (End 
Point Rate) calculations, were hired to quantify the 
shoreline changes in Almanarre beach. Specifically, 
EPR was utilized for short term change analyses (1973-
1988; 1988-2000; 2000-2008; 2008-2015), whereas 
LRR was applied for long term change analysis (1973-
2015). Based on these settings, a total of 176 transects 
along the western tombolo were generated each 200 
meters perpendicular to the baseline, at every 25 meters 
alongshore. Furthermore, intersection point coordinates 
between transect lines and shorelines as well as other 
statistical results were also computed by DSAS. 
Finally, the distances between multiple historic 
shorelines and the baseline at each transect computed 
by DSAS was input into the code which the authors 
created to predict the positions of shorelines in 2020 
and 2050. This code uses linear regression equation 
and runs in Matlab. The linear regression method 
which is used to define shoreline position change rate 
eliminates short-term variability and potential random 
error by using a statistical approach
18
. This method 
assumed that the observed periodical rate of change of 
shoreline position is the best determinant for 
prediction of the future shoreline. Its main 
shortcoming is that the sediment transport
19 
and wave 
action are not taken into account because the 
cumulative impact of all the underlying processes is 
presumed to be captured in the position history
20
. To 
predict the future shoreline position, the baseline was 
first determined as the buffer of the shoreline in 2015. 
Next, transects casting perpendicular to the baseline at 
a user-specific spacing alongshore were generated by 
DSAS. Next, the intersection points between multi-
temporal shorelines and transects were generated to 
input into the linear regression formula to determine 
the position of future shoreline at each transect. 
Finally, these positions were connected together to 
create the future shoreline
21
.  
 
bxay  .  … (1) 
 
Where:  
y: Predicted distance from baseline, 
x: The shoreline date, 
a: Slope (the rate of change) and computed as follows: 
Table 1 — List of satellite images used in the study 
SI  
no. 
Satellite and 
sensor 
Acquisition date 
(dd/mm/yyyy) 
Local  
time 
Spatial 
Resolution (m) 
1 Landsat 1 MSS 01/03/1973 09:51 79 
2 Landsat 4 TM 27/08/1988 09:47 30 
3 Landsat 7 ETM 28/08/2000 10:08 15/30 
4 Landsat 7 ETM 18/08/2008 10:06 15/30 
5 Landsat 8 OLI 30/08/2015 10:17 15/30 
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yi: The distance from baseline to shoreline at date of xi,  
n: The number of shorelines, 
 
b: y-intercept (where the line crosses the y-axis) and 
computed as follows: 
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The accuracy and model quality were defined by 
using the cross-validation of the determined historical 
shoreline positions
22
. Particularly, the positional shift in 
the estimated shoreline of western Giens tombolo of 
2015 was compared and validated with the extracted 
shoreline of 2015 from the satellite image. The results 
of validation are shown in Fig. 2. It is easily seen that 
the predicted shoreline is close to the actual one. The 
root mean square error (RMSE) for the entire shoreline 
of Almanarre beach was about 3.32 m. The value of 
this error is acceptable and reasonable; hence this 
method can be applied for predicting the position of 
future shorelines. 
The accuracy of shoreline position as well as 
shoreline change rates can be influenced by several 
error sources. There are two kinds of uncertainties 
comprising positional uncertainty and measurement 
uncertainty. Positional uncertainties are related to the 
features and phenomenon that reduce the precision and 
accuracy of defining a shoreline position in a given 
year, viz. seasonal error Es, and tidal fluctuation error 
Etd
23
. Seasonal error, Es, is induced by the movements 
in shoreline position under the action of the waves and 
storms. Based on the measurement report of E.O.L
24
, 
seasonal shoreline position differences between the 
spring and fall were estimated about ±5 m. The tidal 
 
 
Fig. 2 — Actual shoreline position (2015) and predicted shoreline position (2015) along Almanarre beach with 5 m linear space transect. 
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fluctuation error, Etd, comes from horizontal movement 
in shoreline position along a beach profile due to 
vertical tides. The base water level used to define the 
shoreline is the High Water Level (HWL). The study 
area is in a micro-tidal region with the tidal range less 
than 0.3 m, so this error can be neglected
25
. Regarding 
measurement uncertainties, they are associated with the 
skill and approach including digitizing error Ed, 
rectification error Er and pixel error Ep
23
. Before 
digitization, the satellite images of 1973 and 1988 were 
re-sampled from 79 m to 15 m and from 30 m to 15 m, 
respectively without adding any spatial information. 
Hence, the digitizing errors were estimated about ±12 
m for 1973, ±6 m for 1988 and ±3 m for remainders
26
. 
Finally, rectification error, Er, is calculated from the 
orthorectification process.  
According to Fletcher et al.
23
, these errors are 
random and uncorrelated and can be represented by a 
single measure calculated by summing in quadrature. 
The total positional uncertainty, Ut, is: 
 
22222
rpdtdst EEEEEU   … (4) 
 
The annualized uncertainty of shoreline change rate 
at any given transect was calculated as follows
27
: 
 
T
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  … (5) 
 
where 
2
1tU , 
2
2tU ,…, 
2
5tU  are the total shoreline 
position error for the various year and T is the 42 
years period of analysis.  
The maximum annualized uncertainty evaluated for 
individual transects is about ±0.67 m/year (Table 2). 
 
Results and Discussion 
 
Historical Shoreline Changes over Period of 1973-2015  
Based on the short-term analysis for North Zone, 
the rate of change was measured along 1.5 km, from 
Transect 01 to Transect 61 corresponding to 
Landmark B01-B14, and both erosion and accretion 
were observed, but erosion is dominant (Fig. 3 (a)). In 
the period of 1973-1988, most of transects was 
deposited with the maximum accretion rate of about 
1.51 m/year observed near Landmark B06. However, 
from 1988 to 2000, all transects in this zone suffered a 
severe retreat with the highest erosion rate of -2.13 
m/year. The main reason of this phenomenon came 
from the high frequency of storms. There were 79 
heavy seas and storms observed from 1992 to 1999
10
. 
This comment is valid for the other zones. The retreat 
trend was maintained in the periods of 2000-2008 and 
2008-2015 with the highest erosion rates of -1.77 
m/year and -2.89 m/year, respectively (Table 3). On 
the other side, the long-term analysis of 1973-2015 
demonstrates that 90.16 % of transects were subjected 
to erosion, whereas only 9.84 % of those were 
prograded (Fig. 4). The high accretion rates are 
concentrated around Landmark B01 and B03 because 
the main long shore sediment transport oriented West-
East is blocked by cross-shore submerged ridge. 
Inversely, the high erosion rates are recorded near 
Landmark B06 and B08 because this area is directly 
exposed to the strong waves from the southwest, with 
frequency of 28.84 %. 
The central zone is composed of 54 transects over a 
total distance of 1.35 km, from Transect 62-115 in 
proportion to Landmark B15-B28. The short-term 
analysis indicates that this zone has been undergoing 
both accretion and erosion, as shown in Fig. 3 (b). In 
the 1973-1988 period, only area from Landmark B16 
to 18 was eroded with the highest rate of -0.7 m/year. 
The remainders were  prograded  with  the  maximum 
accretion rate of 1.75 m/year. As the first zone from 
1988 to 2000, most of transects in Central Zone was 
retreated at the mean rate of -1.27 m/year. 
Nevertheless, in the period of 2000-2008, 100 % of 
transects advanced seaward with the maximum 
accretion rate of 1.7 m/year (Table 3). The sudden 
positive shoreline change came from the beach 
replenishment in this period. According to the report 
of CERAMA
28
, Giens tombolo suffered 12 storms 
from December 1999 to December 2008 in which the 
strongest storm approached Almanarre beach on 24
th
, 
January 2007. These storms caused severe erosion 
and breaching the salt road, especially between 
Landmark B13 to B18. Hence, a total of 10,000 tons 
of aggregates and nearly 10,400 m
3
 of sand were used 
to nourish this area
11,12
. However, the beach 
nourishment only maintained the balance of this 
beach in the short time. The negative trend reappeared 
in the period 2008-2015 with the mean rate of -0.76  
Table 2 — Calculation of errors for different shorelines. 
 1973 1988 2000 2008 2015 
Seasonal error (Es) 5 5 5 5 5 
Tidal fluctuation (Etd) 0 0 0 0 0 
Digitizing error (Ed) 12 6 3 3 3 
Rectification error (Er) 12 9.9 7.35 10.8 6.75 
Pixel error (Ep) 0.5 0.5 0.5 0.5 0.5 
Total error (Ut) 17.70 12.62 9.40 12.28 8.93 
Annualized error (Ua) 0.67 m/year    
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m/year. With regard to the overall shoreline changes, 
61 % of transects record erosion and 39 % of transects 
record accretion. Erosion frequently occurred from 
Landmark B16 to B18 where deep trough nearly 
reaches the beach and the slope of the near shore zone 
is steeper. As a result, the waves approach the 
shoreline with high energy and take away sand from 
the beach. Moreover, this area is immediately 
influenced by the action combination of the southwest 
and west waves with total frequency of 65.76 %. 
Otherwise, the area from Landmark B19 to B29 is 
advancing with the highest accretion rate of 0.46 m 
per year induced by the cross-shore sediment 
transport channel
9
. 
 
The South Zone stretches over 61 transects (No. 
116-176), corresponding to Landmark B29 to B42. 
Fig. 3 (c) represents the shoreline change of South 
Zone between 1973 and 2015. Generally, the erosion 
and accretion phenomenon happen alternatively, but 
erosion predominantly dominates in most of the 
transects. During the period of 1973-1988, the 
maximum erosion and accretion rates are -1 and 2.14 
m per year, respectively. About 72 % of transects in 
this period were deposited with the mean rate of 0.51 
m per year. Nonetheless, the long shore pattern was 
completely changed to erosion with mean rate of -
0.74 m per year between 1988 and 2000. The negative 
trend was kept over the periods of 2000-2008 and 
2008-2015 with the average erosion rates of -0.61 and 
-0.06 m/year, respectively (Table 3). Additionally, the 
long-term analysis reveals a slight accretion with the 
maximum rate of 0.46 m/year from Landmark B30 to 
B36 and erosion at the maximum rate of -0.71 m/year 
from Landmark B36 to B42 over the period of  
1973-2015 (Fig. 4). According to Grissac
9
, the cross-
shore sediment transport in the Giens channel results 
in deposition in the area from Landmark B30 to B36. 
The eroded area may be provoked by the direct effect 
of northwest waves accompanied with the Mistral 
wind from the Rhone Valley. 
 
The shoreline of Almanarre beach can be estimated in 
the short period of 2015-2020 and the long period of 
2015-2050 by using linear regression analysis. In 
these periods, the shoreline change rates are predicted 
based on historical observations, but the special 
climate events, viz. sea level rise caused by global 
warming and tropical storms, have not been taken into 
account. Fig. 5 represents the positions of future 
shorelines and the shoreline change rates, whereas 
Table 4 summarizes statistical results of shoreline 
 
 
a. North Zone from Landmark B01-B14 (Transects 1-61) 
 
 
 
b. Central Zone from Landmark B15-B28 (Transects 62-115) 
 
 
 
c. South Zone from Landmark B29-B42 (Transects 116-176) 
 
Fig. 3 — Positions of shorelines and transect lines as well as 
shoreline change rates using EPR method along Almanarre beach 
over a period of 1973-2015 
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change assessment in Almanarre beach; they consist 
of the maximum, minimum and mean shoreline 
changes as well as % of accreted and eroded transects 
for periods: 2015-2020, 2020-2050, and 2015-2050.  
 
Future Shoreline changes over period of 2015-2050 
In the first region, North Zone, the shoreline 
recession is observed during all periods of 2015-2020, 
2020-2050 and 2015-2050 (Fig. 5(a)) with the 
average erosion rate of -0.36 m/year, -0.32 m/year, 
and -0.33 m/year, respectively. All transects, except 
transect no 1-5 that are subjected to accretion, exhibit 
erosion in the period of 2015-2020 with the maximum 
retreat rate of -1.77 m/year around Landmarks B13 
and B14. However, in the next periods of 2020-2050 
and 2015-2050, the maximum recession rates are seen 
in the vicinity around Landmark B07-08 with the 
values of -0.84 m/year and -0.89 m/year (Table 4). 
This is the most vulnerable area to erosion in North 
Zone. Moreover, the % of eroded transects drastically 
increased over time, from 67.21 % in the period of 
2015-2020 to 90.16 % in the period of 2020-2050. 
In the next region, Central Zone, the results of 
statistical analysis obtained for 54 transects illustrate 
alternating areas of erosion and accretion, but 
majority of transects show erosion (Fig. 5(b)). During 
all the periods, the maximum erosion rates are mainly 
concentrated in the area between Landmarks B16 and  
Table 3 — The statistical summary of shoreline change rate for Almanarre beach over a period of 1973-2015 
Zone Period Total no. 
of transects 
Coast 
length (m) 
Min rate 
(m/yr) 
Max rate 
(m/yr) 
Mean rate 
(m/yr) 
No. of eroded 
transects 
No. of accreted 
transects 
% of eroded 
transects 
% of accreted 
transects 
North 
2015-2020 -1.77 2.59 -0.36 41 20 67.21 32.79 -1.77 2.59 
2020-2050 -0.84 0.39 -0.32 55 6 90.16 9.84 -0.84 0.39 
2015-2050 -0.89 0.66 -0.33 58 3 95.1 4.9 -0.89 0.66 
Central 
2015-2020 -1.8 2.32 0.26 20 34 37 63 -1.8 2.32 
2020-2050 -0.87 0.46 -0.16 33 21 61.11 38.89 -0.87 0.46 
2015-2050 -0.94 0.67 -0.11 31 23 57.4 42.6 -0.94 0.67 
South 
2015-2020 -2.5 2.62 0 29 32 47.54 52.46 -2.5 2.62 
2020-2050 -0.72 0.47 -0.23 45 16 73.77 26.23 -0.72 0.47 
2015-2050 -0.91 0.54 -0.2 42 19 68.85 31.15 -0.91 0.54 
 
Table 4 — Statistical summary of shoreline change rate for Almanarre beach over a period of 2015-2050 
Zone Period Total no. 
of transects 
Coast 
length(m) 
Min. rate 
(m/yr) 
Max. rate 
(m/yr) 
Mean rate 
(m/yr) 
No. of  
eroded 
transects 
No. of  
accreted 
transects 
% of  
eroded 
transects 
% of 
accreted 
transects 
North 
1973-1988 
61 1500 
-0.79 1.51 0.53 19 42 30.65 69.35 
1988-2000 -2.13 -0.03 -1.27 61 0 100 0 
2000-2008 -1.77 2.55 -0.19 36 25 59 41 
2008-2015 -2.89 2.36 -0.1 42 19 68.85 31.15 
1973-2015 -0.83 0.38 -0.32 55 6 90.16 9.84 
Central 
1973-1988 
54 1350 
-0.7 1.75 0.66 6 48 11.11 88.89 
1988-2000 -2.36 0.03 -1.27 52 2 96.3 3.7 
2000-2008 0.02 1.7 0.74 0 54 0 100 
2008-2015 -1.61 -0.06 -0.76 54 0 100 0 
1973-2015 -0.86 0.46 -0.16 33 21 61.11 38.89 
South 
1973-1988 
61 1525 
-1 2.14 0.51 17 44 27.87 72.13 
1988-2000 -1.93 0.71 -0.74 52 9 85.25 14.75 
2000-2008 -2.41 1.1 -0.61 44 17 72.13 27.87 
2008-2015 -2.62 1.68 -0.06 31 30 50.82 49.18 
1973-2015 -0.71 0.46 -0.22 45 16 73.77 26.23 
 
 
 
Fig. 4 — The variation of shoreline change rates using LRR and 
EPR methods along Almanarre beach over a period of 1973-2015. 
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B17, while the maximum progradation rates are 
observed between Landmarks B20 and B22 that 
coincide with the position of the cross-shore sediment 
transport channel. During 2015-2020, 62 % of the 
transects were accreted with the highest rate of 2.32 m 
per year at Landmark B20 and B22 that coincide with 
the position of the cross-shore sediment transport 
channel. During 2015-2020, 62 % of the transects 
were accreted with the highest rate of 2.32 m per year 
at Landmark B20 (Table 4). Nonetheless, the positive 
trend will be suddenly changed to the negative trend 
in the next periods. Particularly, 61.11 % of eroded 
transects are recorded with the highest rate of -0.87 m 
per year during the period 2020-2050, whereas the 
eroded transects are predicted at about 57.4 % with 
the highest erosion rate of -0.94 m per year between 
2015 and 2050 (Table 4). Additionally, the prediction 
of future shoreline positions also revealed that the 
shoreline between Landmark B16 and B18 would be 
the most seriously eroded area. 
For the South zone of Almanarre beach, a complex 
pattern of shoreline evolution is predicted with areas 
in erosion alternating with areas in accretion  
(Fig. 5(c)). During the period of 2015-2020, the 
eroded and accreted transects are almost the same 
with 48 % and 52 %, respectively. The maximum 
recession and accumulation rates are predicted about -
2.5 m/year and 2.62 m/year (Table 4). The accretion 
areas are also forecasted in the vicinity of Landmarks 
B31-33 and B35-37. In the next periods of 2020-2050 
and 2015-2050, erosion is dominant with the average 
rates of -0.23 m/year and -0.2 m/year, respectively. 
The maximum accretion rates are predicted to take 
place around Landmark B38-39, while the maximum 
erosion rates can be observed near Landmark B35-36. 
Finally, (Fig. 5 (c) also shows that the area between 
Landmark B37 and B42 could be subjected to severe 
erosion in future. 
The study on the shoreline changes in Giens 
tombolo from 1973 to 2015 reveals that alternate 
accretion and erosion occurred along the shoreline of 
Almanarre beach, but erosion is dominant. Especially, 
most of transects along this zone were subjected to 
erosion from 2008 onwards. The main reasons of this 
recession are the action of waves on the near-shore 
bathymetry. Additionally, there is no sediment supply 
feeding the beach continuously, viz. no river mouths 
in the Giens gulf. The prediction of shoreline 
positions in 2020 and 2050 reveals that the erosive 
tendency will continue, particularly and severely in 
 
a. North Zone from Landmark B01-B14 (Transects 1-61) 
 
b. Central Zone from Landmark B15-B28 (Transects 62-115) 
 
 
c. South Zone from Landmark B29-B42 (Transects 116-176) 
 
Fig. 5 — Positions of shorelines and transect lines as well as 
shoreline change rates using EPR method along Almanarre beach 
over a period of 2015-2050. 
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the areas of Landmarks B07-08 and Landmarks  
B16-18. Finally, this study also demonstrates that the 
beach nourishment method only helps in the summer 
time and that too for the short term.  
 
Conclusion 
The study on the shoreline changes in Giens tombolo 
from 1973 to 2015 reveals that alternate accretion and 
erosion occurred along the shoreline of Almanarre 
beach, but erosion is dominant. Especially, most of 
transects along this zone were subjected to erosion from 
2008 onwards. The main reasons of this recession are 
the action of waves on the near-shore bathymetry. 
Additionally, there is no sediment supply feeding the 
beach continuously, viz. no river mouths in the Giens 
gulf. The prediction of shoreline positions in 2020 and 
2050 reveals that the erosive tendency will continue, 
particularly and severely in the areas of Landmarks B07-
08 and Landmarks B16-18. Finally, this study also 
demonstrates that the beach nourishment method only 
helps in the summer time and that too for the short term.  
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